It is worth noting that plasmon nano-optical antennas (PNOAs) have attracted considerable 23 interests since they have potential applications in many fields, such as the manipulation of the 24 interaction between light and matter at nanoscale [11, 12] , optical scattering, redirecting incident 25 light [13] , photoelectric detection [14] ,sensing [15] , heat transfer [16] , spectroscopy [17, 18] and so on.
26
It is extremely attractive that the working frequency, polarization and pattern of the PNOA operating 27 in near infrared band can be reconfigured by varying the size, shape, material and other factors.
28
Recently, several reconfigurable PNOAs have been implemented experimentally and theoretically.
29
For example, in 2013, J. Munarriz et al. designed a type of PNOA, in which the pattern can be 30 manipulated by changing the incident angle and polarization mode of the excitation source [19] .In 31 2016, Kai Chen and his co-workers proposed the PNOA that can be adjusted electromechanically. The 32 optical properties of the antenna can be dynamically controlled by changing the gap width between
In the far field, the normalized pattern function of the antenna can be expressed as
where E (θ, ϕ) is the electric field amplitude; E m (θ, ϕ) is the maximum value of E (θ, ϕ), where θ and ϕ
47
are the zenith angle and the azimuth one in spherical coordinate system, respectively. The directivity of the antenna is written as
where U(θ,ϕ) is the radiation intensity of the antenna; U ave is the average radiation intensity. Eq.(2) is rewritten as
As shown in Fig. 1 , the PNOA consists of three vertically stacked discs. Here, the top and bottom 49 discs are filled with silicon dioxide and silicon respectively, the middle disc is filled with silicon dioxide.
into the surface of the middle disc. The radius of all three discs are defined as R and set as 1200nm. and set as 30nm. In addition, the middle disc with two symmetrical Yagi antennas is dextro oriented.
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According to the design principle of traditional Yagi antenna given in [22], we have
where b 0 and b 1 are constant. Moreover, we define D j as the sum of w and d j (j=1, 2, 3), which expression is given as follows.
The refractive indexes of silicon dioxide and silicon are set as 1.45 and 3.5, respectively. For gold-material, the permittivity at high frequency is described by revised Drude model[23] as follows
where the real part
and the imaginary part
where the plasma oscillation frequency w p and the damping coefficient γ are given in [24] ,ε ∞ is the is along the direction of the y-axis, the amplitude of the excitation field is 1 V/m. According to finite 68 element method, the boundary conditions need to be set for the analysis of the antenna. Here, the antenna is surrounded by a spherical shell filled with air and with a radius of 3500nm, 
Results and discussions

Far-field radiation
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The property of the near-field transmission is described by the transmittance, which depends on the S-parameters. Here, the S-parameters, as scattering parameters, originate from transmission-line theory and defined as the ratio of the voltage of transmitted wave and that of reflected waves. But for high-frequency wave, since voltage is not easy to be defined, it is necessary that S-parameters is defined as a function of electric field when the port is excited by fundamental eigenmode. The amplitude E p of the computed electric field on the port consists of the excitation and reflection fields. On the boundary of the port with an incident wave, E p is written as
where E 0 is the amplitude of the excitation field; E i is the amplitude of the ith reflected mode filed. On the boundaries of the other ports, the computed field E p is expressed by
Here, the PNOA are considered as two ports (see Fig. 7 ), where there are two reflected mode fields. Namely, i=1, 2. Therefore, the S-parameters are defined as
7 of 11 where S 11 is the reflection coefficient at port 1; S 21 is the transmission coefficient from port 1 to port 2;
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A 1 and A 2 are the cross-section area of the port 1 and that of the port 2, respectively. So, we obtain the 93 transmittance as follows. 
For convenience of discussion, H 3 is considered as 0 nm (see Fig. 7 ). To observe the influences of the structure of the GNB elements on the transmissivity, wavelength range from 1449 to 1515nm, it is further increased. In addition, the transmission spectrums 111 occur red-shift, which may be due to the increase of the resonance wavelength and the enhancement of 112 the resonance strength in the elements (see Fig. 11 ). shown in Fig. 12 , with the increase of the width, the transmission valley appears blue-shift. Moreover,
